We examined the preferences and performances of five beetle species (four chrysomelids and one scarab) on two species of willows (Salix sericea and S. eriocephala) and their interspecific hybrids. Beetle species differed markedly in their responses. In preference assays, two chrysomelid beetle species (Calligrapha multipunctata bigsbyana and Plagiodera versicolora) preferred hybrids, two chrysomelids (Chrysomela scripta and Ch. Knabi) preferred hybrids and S. sericea, and the scarab beetle (Popillia japonica) preferred S. eriocephala. Experiments with purified salicortin indicated that salicortin concentration may contribute to these preferences.
Introduction
Hybridization among plants is more common than previously recognized (Arnold, 1992) . This realization has led to numerous studies focusing on the ecological and evolutionary consequences of hybridization, especially in the field of plant-herbivore interactions (see Strauss, 1994 , and references therein). Hybrids and parental species typically differ in resistance to herbivores. Contrary to Whitham's (1989) original hypothesis that hybrids are ecological and evolutionary sinks to pests (because they are more susceptible), patterns of hybrid resistance are diverse (Boecklen & Spellenberg, 1990; Fritz et al., 1994; Strauss, 1994) .
There is no reason to expect one single pattern to dominate. For one to dominate, we would have to assume that traits that affect herbivore responses, preference or performance, such as secondary chemistry (Tahvanainen et al., 1985; Lindroth et al., 1988; Roininen & Tahvanainen, 1989; Schultz, 1989) , foliar nutrients (Mattson 1980; Bryant et al., 1987) , leaf water content (Horton, 1989) , shoot morphology (Price et al., 1987) , plant phenology (Aide, 1988) , and plant ontogeny (Bryant, 1981; Kearsley & Whitham, 1989) show similar patterns of inheritance. We would also have to assume that herbivores respond similarly. Because the inheritance patterns of traits in hybrids are variable (Rieseberg & Ellstrand, 1993) and herbivore species are known to differ in their responses to intra-and interspecific variation in plant quality (Matsuki & MacLean, 1994; Orians & Floyd, 1997) , no single pattern of hybrid susceptibility should be expected.
Among willow species, much of the variation in susceptibility has been attributed to the presence or absence of phenolic glycosides (Rowell-Rahier, 1984; Tahvanainen et al., 1985; Denno et al., 1990; Kelly & Curry, 1991; Rank, 1992; Kolehmainen et al., 1994) . Phenolic glycosides stimulate feeding by some herbivores but deter feeding by others (Matsuda & Matsuo, 1985; Tahvanainen et al., 1985; Rank, 1992; Kolehmainen et al., 1994) . Phenolic glycosides are also known to affect the growth of herbivores (Denno et al., 1990; Kelly & Curry, 1991; Matsuki & MacLean, 1994) . In our study system, Salix sericea Marshall and S. eriocephala Michx. and their hybrids differ dramatically in their secondary chemistry (Orians & Fritz, 1995) . S. eriocephala foliage contains high concentrations of condensed tannins and no phenolic glycosides, while S. sericea foliage contains high concentrations of phenolic glycosides, especially salicortin, but low concentrations of condensed tannins. The concentration of salicortin in S. sericea often exceeds 10% dry leaf weight (Nichols-Orians et al., 1992 . Hybrids contain intermediate concentrations of both classes of chemicals (Orians & Fritz, 1995) . Given the differences in phenolic glycoside chemistry in this willow system, we hypothesized that the responses of herbivores to parental and hybrid willows would be variable and that chemistry would be an important determinant of those responses.
We have been quantifying the abundance of numerous insect herbivores on three willow taxa, S. sericea, S. eriocephala and their hybrids. From our censuses of field plants we have found a diversity of herbivore responses (Fritz et al., 1994) . We have not until now explored potential mechanisms behind the different responses. Here we report on the feeding preferences and performance of five beetle species: Calligrapha multipunctata bigsbyana, Plagiodera versicolora, Chrysomela scripta and Chrysomela knabi, and Popillia japonica to S. sericea, S. eriocephala, and their interspecific hybrids. By painting salicortin onto leaves, we further determined whether salicortin may contribute to the variable responses.
Materials and methods
The system. This willow system has three distinct advantages. First, Salix sericea and S. eriocephala are largely sympatric and hybridize naturally (Argus, 1974 (Argus, , 1986 . Second, there is a diverse herbivore community that feeds on the three willow taxa. Finally, to control for confounding environmental effects, these willows can easily be cloned and grown in a common garden (Paige & Capman, 1993; Hanhimäki et al., 1994; Christensen et al., 1995) . Clearly this is an excellent system in which to investigate the effects of hybridization on the responses of various herbivores.
Plants. In 1992 we used leaves from field plants at our study site near Milford, NY. This is an area that is dominated by S. sericea but also contains S. eriocephala and their hybrids. In 1993 and 1994 we used leaves from cuttings grown in a common garden at Williams College in Williamstown, MA. In 1992 and 1993 we used a single genotype of each taxon. In 1994 we used four genotypes of each willow taxon (with 5 replicate clones per genotype). To ensure that taxon effects were not confounded by plant gender effects (willows are dioecious), three of the four genotypes of each taxon were female. However, beetle responses to the male genotype were not distinct from their responses to the female genotypes (data not shown). This result is consistent with previous results (R. Fritz, unpubl. data) . The identity of the parental and hybrid willows was confirmed using RAPD analysis, and the hybrids selected for this study contain intermediate concentrations of phenolic glycosides and appear to be F-1 and F-2 type hybrids (Fritz et al., 1994; Orians & Fritz, 1995; S. Brunsfeld, pers. comm.) In the spring of 1993, we collected leafless budsticks (cuttings) from plants at our study site in NY. 20 cm cuttings were dipped in rootone to stimulate root growth, and planted into Agway's Potting Soil Mix. Cuttings were watered daily and fertilized once with 20-20-20 Agway fertilizer. In May, they were potted into 8 liter pots containing loam, peatmoss and vermiculite (3:1:1) and fertilized weekly with 140 ml of 20-20-20 soluble fertilizer (3.2 g/l). The plants were cut back in the late fall of 1993 and allowed to regenerate in the spring of 1994. In the spring of 1994 they were transplanted into 16 liter pots, fertilized with 15 ml of 10-10-10 insoluble fertilizer (Agway) and watered as needed. To avoid the use of pesticides, we removed herbivores by hand.
Beetles. The responses of four chrysomelids, a willow leaf beetle (Calligrapha multipunctata bigsbyana (Kirby) -henceforth referred to as C. multipunctata), the imported willow leaf beetle (Plagiodera versicolora (Laicharting)), and two Chrysomela willow leaf beetles (Chrysomela knabi Brown & Chrysomela scripta Fabricius) were tested. In addition, one scarab, the imported Japanese beetle (Popillia japonica Newman) was tested.
Preference assays. Beetle preference was determined using multiple choice tests. Beetles were introduced into a petri dish lined with moistened filter paper that contained three leaf discs, one disc from each taxon. Discs were of similar size (2 cm 2 in 1992, 1.5 cm 2 in 1993/1994). After a specified duration, the relative amounts of each taxon consumed were compared. Leaves used for the assays were clipped at the petiole and transported back to the lab in a cooler. All assays were started within 30 min of leaf collection.
No individual beetle was tested more than once and only the first fully expanded leaves were used so as to ensure that leaves of similar developmental ages were compared. The analysis of feeding preference experiments can be problematic due to lack of independence (Roa, 1992) . Therefore we determined which taxon was consumed the most in each trial, and employed a G-test to determine if one willow taxon was preferred over others (Sokal & Rohlf, 1981) . Our null hypothesis was equal consumption of all three taxa. This G-test is a statistically conservative test because we were not comparing the absolute amount of each taxon consumed.
As another measure of preference, we censused Japanese beetle damage to field plants in 1992. A census of damage was not completed for other beetles because, unlike Japanese beetle damage, their damage is rare and more difficult to distinguish. We censused Japanese beetle damage on each of 20 S. eriocephala, S. sericea and hybrid genotypes. For 25 shoots per plant we counted the number of shoots with more than 50% of their leaves damaged by Japanese beetles. We employed a chi-squared test to determine if the amount of damage was equally distributed across the three willow taxa (Sokal & Rohlf, 1981) .
Specifics of multiple choice assays. In 1992 we compared the preferences of C. multipunctata 3rd instar larvae (n = 40) and adults (n = 63) and of Ch. knabi 3rd instar larvae (n = 47) and adults (n = 30). We used leaves from a single genotype of each willow taxon.
Beetles were collected from S. sericea at our New York field site in July. The beetles were brought to Hartwick College, in Oneonta NY and maintained on S. sericea leaves until the choice tests were performed. Choice tests were terminated after 4-6 h and the remaining leaf area of each disc was measured. (Because using beetles reared on S. sericea may bias choice tests, 1993 and 1994 assays were done on beetles maintained on S. bebbiana, another shrubby willow, prior to the choice tests.)
In 1993, we compared the preferences of adult C. multipunctata (n = 20) and adult P. japonica (n = 20)
for a second randomly selected genotype of each taxon. The plants were grown in a common garden. C. multipunctata were collected in Berkshire County, MA from Salix bebbiana and maintained on S. bebbiana until assays were performed. P. japonica were collected from Parthenocissus tricuspidata (Boston Ivy) on the Williams College campus and tested immediately. After 6 (P. japonica) or 24 (C. multipunctata) h we determined the area consumed. This difference in duration was designed to ensure significant consumption but ensure no single leaf disc would be completely consumed.
In 1994, the multiple choice tests were done with 3rd instar C. multipunctata larvae (n = 20), adult Pl. versicolora (n = 12), adult Ch. scripta (n = 30) and adult Ch. knabi (n = 31). Beetles were collected from S. sericea in Bennington County, Vermont. As in 1993, we maintained all beetles on S. bebbiana prior to the experiments. Each choice test lasted roughly 16 h. Because of their small size, four Pl. versicolora adults were used in each of the 12 trials. All other species were tested individually. During each choice test, we randomized which genotypes were compared.
Effects of salicortin on beetle preferences. We determined the preferences of C. multipunctata, Ch. knabi and P. japonica for S. eriocephala leaf discs painted with either a solution containing salicortin or a solvent-only control. (Recall that S. eriocephala does not produce phenolic glycosides.) Salicortin-painted and control leaf discs (taken from the same leaf) were placed into a petri dish containing moistened filter paper. A single beetle was then introduced into the dish and after a specified duration, the area consumed from each disc was determined. To determine the concentration to apply, we first measured the average dry weight of S. eriocephala leaf discs (2 cm 2 ). We then calculated the concentration of salicortin required to obtain 1%, 4%, 7%, and 10% salicortin by dry leaf weight. Hybrid and S. sericea foliage typically contain 1-4% and 7-10% salicortin respectively (Orians & Fritz, 1995) . Because acetone causes discoloration around the edges of leaf discs, we cut smaller leaf discs (1.5 cm 2 ) from the larger (2 cm 2 ) leaf discs immediately after the acetone had evaporated.
In 1993, we determined the effect of 10% salicortin on the preferences of adult C. multipunctata (n = 15) and adult P. japonica (n = 20). The area consumed after six (P. japonica) or 24 (C. multipunctata) h was determined. In 1994, we determined the effects of 1%, 4%, 7% and 10% salicortin on the host selection of adult P. japonica, adult Ch. knabi, and adult C. multipunctata (n = 20 for all species). Assays lasted 6, 8 and 24 h for P. japonica, Ch. knabi, and C. multipunctata, respectively. As before, the differences in duration ensured no leaf disc would be completely consumed. Beetles that failed to eat were excluded from the statistical analyses, and each beetle species was analyzed separately.
For the 1993 data, we used binomial probability analysis to determine if the beetles showed a significant preference (Dixon & Massey 1983) . For the 1994 data, we used a regression analysis to determine if the proportion of salicortin-treated leaf area consumed depended upon the concentration of salicortin.
Performance assay. Performance was measured as either larval growth rate, pupal/adult mass or adult weight gain (only Pl. versicolora was not tested). Although unknown for these species, pupal and adult weight are often correlated with adult fecundity. All beetles were reared individually. In 1992 we measured the growth of Ch. knabi (n = 31) and C. multipunctata (n = 27) larvae. Adult beetles were collected from S. sericea at our New York field site and maintained on S. sericea leaves until eggs were laid. The resulting larvae were weighed and randomly assigned to each plant taxon and reared on whole leaves (at room temperature in a laboratory at Hartwick College) for one (Ch. knabi) or two (C. multipunctata) weeks. These time differences reflect species specific differences in development time. Leaves were changed daily and larvae were weighed again at the end of the experiment. (We used the same plant genotypes as in the 1992 preference tests.) Data on larvae that died were excluded. We calculated larval weight gain per day and tested for the effects of willow taxon with a one-way analysis of variance using StatView 4.02 (Abacus Concepts, 1992) .
In 1993, we measured the performance of newly hatched C. multipunctata larvae on 4 different genotypes of each willow taxon (n = 6-8 larvae/genotype/taxon). Larvae were randomly assigned, given fresh leaves every 2 days and kept in a growth chamber (23 C and L16:D8). Pupae were weighed following pupation. Due to heavy pupal mortality we were unable to measure adult mass. Within each taxon, we found no genotype effect on pupal weight (S. sericea: F 3;15 = 0:65, P = 0:60; S. eriocephala: F 3;21 = 1:44, P = 0:26; hybrids: F 3;23 = 0:96, P = 0:43), so the effects of willow taxon on pupal weight were determined with a one-way analysis of variance.
In 1994, performance assays were done with Ch. scripta, C. multipunctata and P. japonica. Two different assays were completed. First, we randomly assigned newly hatched larvae of Ch. scripta to a single genotype of each willow taxon (n = 46/taxon).
We weighed the beetles when they reached the adult stage. (Rearing conditions were identical as in 1993). Ch. scripta are sexually dimorphic so the adults were sexed to control for the effects of gender. A 2-way analysis of variance (with willow taxon as a fixed effect and beetle gender as a random effect) was used to test for differences in adult weight.
Second, using all three beetle species, we compared the weight gain or loss of adult beetles over an eight day period when fed leaves of each willow taxon (1 genotype per taxon). C. multipunctata (n = 45) and P. japonica (n = 45) had been fed S. bebbiana prior to the experiments, while Ch. scripta adults (n = 58) had been reared as larvae on the same willow taxon on which they were tested. Measuring changes in adult mass is unusual in performance assays. Because P. japonica only feeds on willows as adults, this assay allowed us to compare the ability of these three beetle species to maintain body mass when feeding on these different willow taxa. Furthermore, significant weight loss or gain could affect fecundity.
Results
Preference. Despite differences in the methods used each year, the responses within each beetle species were consistent. Larvae and adult C. multipunctata showed non-random host selection (1992 larvae and adults, G = 21:23 and 8.58 respectively, P 0:05; 1993 adults, G = 19:43, P 0:001; 1994 larvae, G = 5:93, P = 0:05; Figure 1A ). They preferred hybrid leaves more than those from either of the two parental species, and did not prefer leaves from one parent over another ( Figure 1A) . Pl. versicolora showed the same pattern (G = 7:44, P 0:05) ( Figure 1B ).
Both Chrysomela species also exhibited preferences (1992 Ch. knabi larvae and adults G = 19:3 and 17.5 respectively, P 0:001; 1994 Ch. knabi and Ch. scripta adults G = 6:21 and 15.5 respectively, P 0:05) ( Figure 1C ). Both species avoided S. eriocephala while accepting S. sericea and hybrids. In 1992 but not in 1994, Ch. knabi adults appeared to prefer S. sericea over hybrids. This may have been due to the fact that they were reared on S. sericea in 1992. However, Ch. knabi larvae were also reared on S. sericea in 1992 but did not prefer S. sericea. P. japonica preferred S. eriocephala over both the other two taxa (1992, 2 = 19:6, P 0.001; 1993, G = 16.0, P 0:001) ( Figure 1D) . Although, the lack of P. japonica acceptance of S. sericea precludes statistical analysis, hybrids appeared to be slightly more acceptable ( Figure 1D ).
Effects of salicortin on beetle preferences. C. multipunctata, Ch. knabi and P. japonica differed in their response to salicortin. In 1993, 13 of 14 C. multipunctata adults consumed more control than 10% Figure 2 . The effects of salicortin concentration on the area of leaf consumed by Calligrapha multipunctata bigsbyana. Values above 0 indicate that more was consumed from salicortin-amended discs than from control leaf discs. Values less than 0 indicate that control discs were favored over salicortin-amended leaf discs. Five beetles were tested at each concentration.
salicortin-painted S. eriocephala leaves (P 0:001). In 1994 we found that as the concentration of salicortin dropped, C. multipunctata beetles were much more likely to consume the painted leaves (R 2 = 0:30, P = 0:01, n = 20) (Figure 2 ). Although insignificant, there is a trend suggesting that low concentrations may stimulate feeding.
Ch. knabi feeding was stimulated by the presence of salicortin at all four concentrations (P 0:05, n = 7). (Extensive mortality precluded higher sample sizes.) In 6 of the 7 trials more of the painted discs were consumed, and there was no indication that high concentrations stimulated feeding more than did low concentrations. In 1993 and 1994, P. japonica were deterred by salicortin (P 0:05). In both years, 10 of 13 preferred the control discs. In 1994, the concentration of salicortin did not affect acceptability (R 2 = 0:08, P = 0:34, n = 13).
Performance. The beetle species also differed in their performance on the three taxa (Table 1) . In 1992 the growth rate of C. multipunctata larvae did not differ among the willow taxa over the course of 2 weeks. Nor was there a taxon effect on pupal weight in 1993.
The two Chrysomela species performed differently on the three taxa (Table 1 ). In 1992, the growth rate per day of Ch. knabi larvae was slowest on S. eriocephala and intermediate on hybrids. A similar pattern was observed for Ch. scripta in 1994 when we reared larvae from egg hatch to the adult stage. All but one Ch. scripta larva died when feeding on S. eriocephala, and Ch. scripta survivorship was intermediate on hybrids (0.02, 0.41 and 0.83 on S. eriocephala, hybrids and S. sericea, respectively). When comparing the whole life weight gain of Ch. scripta on hybrids vs. S. sericea, we found a significant effect of beetle sex (F 1;71 = 44:98; P 0:001), but no effect of willow taxon (F 1;1 = 108:72; 0:05 P 0:1), and no interaction effect (F 1;71 = 0:11; P = 0:74).
When adult C. multipunctata, P. japonica and Ch. scripta were fed the three taxa in 1994 they differed in their ability to maintain weight (Table 1) . C. multipunctata gained 1-2 mg on all three taxa and weight gain did not differ by taxon (F 2;39 = 0:36; P = 0:70). Japanese beetles lost weight when feeding on all three taxa but weight loss was taxon specific (F 2;37 = 41:05, P 0:001). They lost most on S. sericea (21 mg) and hybrid (15 mg), and least on S. eriocephala (3.6 mg). For Ch. scripta there was no effect of taxon (hybrids vs. S. sericea) (F 1;1 = 1:29; P = 0:50), beetle sex (F 1;54 = 3:69; P = 0:06) or their interaction (F 1;54 = 1:45; P = 0:23) on adult weight gain.
Discussion
Preference. The beetle species included in this study displayed different preferences for the three willow taxa. C. multipunctata and Pl. versicolora both preferred hybrid willows. Pl. versicolora are also more abundant on hybrid plants when both parental and hybrid clones are grown in a common garden (Orians, unpublished data) . The Chrysomela species avoided S. eriocephala but found both S. sericea and hybrids acceptable. In contrast, P. japonica found S. eriocephala acceptable but avoided both S. sericea and hybrids, a response consistent with previous results (Orians & Floyd, 1997) . These same patterns were evident when we compared the absolute amount of each taxon consumed by each beetle species (data not shown).
Although diet-induced feeding preferences can occur (Richardson & Whittaker, 1982) , C. multipunctata shows similar preferences whether they were fed leaves of a phenolic glycoside (1992) or a condensed tannin (1993 and 1994) containing host prior to the tests. Although Ch. knabi adults appeared to prefer S. sericea when fed S. sericea prior to the choice tests ( Figure 1C ), other experiments with both the Chrysomela species indicate that diet-induced preferences are Table 1 . The effects of willow taxon on beetle performance. 1992 data show the mean (s.e.) larval growth rate (mg/day) (Calligrapha multipunctata bigsbyana and Chrysomela knabi) on the three willow taxa. Full-life assays illustrate the effects of plant taxon on pupal (C. multipunctata) or adult (Chrysomela scripta) weight (mg) when larvae were reared on one of the three taxa. Adult weight gain (C. multipunctata, Ch. scripta, and Popillia japonica) shows the effects of plant taxon on adult weight change over 8 days. Significance of differences were determined with an analysis of variance with willow taxon as a fixed effect and beetles sex (Ch. scripta only) as a random effect. Different letters indicate that treatments differ at P 0.05 lacking (Orians, unpublished data) . Rank (1992) also found no evidence of diet-induced feeding preferences in Chrysomela aeneicollis. Fritz et al. (1994) illustrate five possible responses of herbivore towards hybrids: susceptibility (hybrids are more acceptable), Additivity (hybrids show intermediate acceptability), Dominance (acceptability of the hybrid resembles one of the parental species), Resistance (hybrids are least acceptable), and No Difference (the taxa do not differ). Two of these patterns were supported by our preference data: Susceptibility (C. multipunctata and Pl. versicolora) and Dominance (the two Chrysomela species and P. japonica).
Salix eriocephala

Importance of chemistry.
Numerous studies have shown that phenolic glycosides are key determinants of herbivory on willows (e.g. Rowell-Rahier, 1984; Tahvanainen et al., 1985; Denno et al., 1990) . Consequently, we hypothesized that phenolic glycosides would be an important determinant of host selection in this system. The preference of C. multipunctata and Pl. versicolora for hybrids could indicate that they are inhibited by high concentrations of phenolic glycosides but stimulated to feed by low concentrations. Although further work is required to determine if this is true, there are two reasons we believe phenolic glycosides may be important. First, only high concentrations of salicortin inhibited feeding by C. multipunctata (Figure 2) . Second, Tahvanainen et al. (1985) found that Pl. versicolora prefer willow species with moderate to low glycoside concentration and that high concentrations slowed growth but low concentrations appeared to elicit feeding.
Both Ch. knabi and Ch. scripta convert phenolic glycosides for their own defense. Therefore their preference for S. sericea and hybrids was expected. Rank (1992) also found that Chrysomela aeneicollis prefer willow species rich in phenolic glycosides. The fact that these Chrysomela spp. found S. sericea and hybrids equally acceptable suggests that they may respond to the presence of the glycosides, not to the concentration in each taxon. The fact that all concentrations of salicortin stimulated feeding by Ch. knabi lends support to this conclusion.
In contrast, P. japonica preferred S. eriocephala but avoided both S. sericea and hybrids. P. japonica are generalists that are often found feeding on hosts containing condensed tannins. [Interestingly, condensed tannins do not appear to stimulate feeding (Orians, unpublished data) .] Their avoidance of S. sericea and hybrids also is not surprising in light of the fact that few generalists consume willows that produce phenolic glycosides (Rowell-Rahier, 1984) . Thus, P. japonica appears pre-adapted to feeding on S. eriocephala, which produces condensed tannins, but not on S. sericea or the hybrids of S. eriocephala and S. sericea.
Performance. The performance of each beetle species was not always consistent with its preference. C. multipunctata preferred hybrids but did not perform better on them. In this study we found no difference in larval or adult growth across these three taxa. In another experiment we actually found that short-term larval growth was greatest on S. eriocephala, intermediate on hybrids, and least on S. sericea (Orians, unpubl. data) . Here, we were unable to rear the beetles to the adult stage, so we could not control for sexual dimorphism and this may have masked differences. Matsuki & MacLean (1994) found that phenolic glycosides inhibit Calligrapha verrucosa growth, so we suspect that, as our short-term experiments suggested, that the performance of Calligrapha multipunctata bigsbyanawill be lowest on S. sericea. Clearly, additional whole-life studies are necessary.
Both Chrysomela species avoided S. eriocephala and performed very poorly on that taxon as well. Despite similar preference for S. sericea and hybrids, there was a growth and survivorship cost to consuming hybrid leaves. Larval growth of both Chrysomela species was intermediate on hybrids, as was the survivorship of Ch. scripta. In contrast to our results, Floate et al. (1993) suggested that the performance of Chrysomela confluens was higher on poplar hybrids. They attributed this to differences in plant phenology. The differences between our studies either reflects contrasting resistance traits of the hybridizing species or differences among Chrysomela species in their response to those traits. We suspect the former, since Chrysomela spp. are known to respond positively to phenolic glycosides (Rank, 1992) .
P. japonica adults performed poorly on S. sericea and hybrids. Overall, weight loss was highest on S. sericea, intermediate on hybrids and least on S. eriocephala.
Thus two different patterns described by Fritz et al. (1994) were supported by our performance data: Additivity (the two Chrysomela species and P. japonica), and no difference (C. multipunctata). Unlike the preference results, we found no cases of Dominance or Susceptibility.
Conclusion. In the field, higher herbivore densities on hybrids could be because the herbivores prefer to feed on hybrids and/or because they perform better on hybrids (Floate et al., 1993; Hanhimäki et al., 1994) . When evaluating the relative susceptibility of hybrids to herbivores, few studies have looked at preference and performance simultaneously. As we found, preference and performance are not necessarily coupled (Futuyma, 1991) . This has important implications. First, this means that the two sets of traits (those affecting preference or performance) exhibit different patterns of inheritance in hybrids. Second, year to year or site to site variation in the response of herbivores to hybrids may reflect changes in which factor, preference or performance, determines abundance. We know there can be year to year variation in the response of some herbivores to these hybrids , and perhaps this was due to differences in which mechanism determined abundance.
We argue that to predict the relative resistance of hybrid and parental willows it is necessary to know the inheritance of putative resistance traits and the natural history of the attacking herbivores. Herbivores, such as those studied here, are diverse and differing responses to plant traits are expected. Detailed studies of other plant hybrid systems are likely to uncover similar complexity.
